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Abstract
In the AdS/CFT framework meson thermalization in the presence of a con-
stant external magnetic field in a strongly coupled gauge theory has been
studied. In the gravitational description the thermalization of mesons corre-
sponds to the horizon formation on the flavour D7-brane which is embedded
in the AdS5×S5 background in the probe limit. The apparent horizon forms
due to the time-dependent change in the baryon number chemical potential,
the injection of baryons in the gauge theory. We will numerically show that
the thermalization happens even faster in the presence of the magnetic field
on the probe brane. We observe that this reduction in the thermalization
time sustains up to a specific value of the magnetic field.
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1 Introduction and Results
Quark-gluon plasma created by colliding relativistic heavy ions such as Gold
at Relativistic Heavy Ion Collider or Lead at Large Hadron Collider, is be-
lieved to be strongly coupled [1,2]. In the initial stages right after the collision
the quark-gluon plasma is far from equilibrium and hence it would be dif-
ficult to study its properties. But after a very short time, (τ ≤ 1 fm/c),
the hydrodynamics is applicable indicating that the local equilibrium has
been partly reached [3, 4]. An important question is how a strongly coupled
system can rapidly relax from far from equilibrium regime to the hydrody-
namic phase. This process is generally called rapid thermalization. Since
the system is strongly coupled the usual perturbative methods seem inap-
plicable to study such a process. Recent calculations show that AdS/CFT
correspondence [5] which loosely speaking is a duality between a strongly
coupled system and a classical gravity theory can be a suitable framework to
describe rapid thermalization [6–8].
An interesting discussion has been made in [9] indicating that after the
collision of two heavy ions a strong magnetic field is produced which is present
only for a very short time. Since this magnetic field is nonzero in the initial
stages of the collision it is reasonable to study the process of thermalization
in its presence. Therefore one can use the gauge/gravity duality to explain
how the magnetic field can effect the rapid thermalization in QGP. This is
exactly the question that we are trying to address in this paper.
According to the AdS/CFT correspondence the four-dimensional super-
conformal Yang-Milles (SYM) theory with gauge group SU(Nc) is dual to the
type IIB string theory on AdS5×S5 geometry which describes the near hori-
zon geometry of a stack of Nc extremal D3-branes [5]. This correspondence
is more understood in the large Nc and large t’Hooft coupling, λ = g
2
YMNc,
2
limit. In these limits the type IIb supergravity on AdS5×S5 geometry is dual
to the strongly coupled SYM theory and hence it provides a useful tool to
study the strongly coupled regime of the SYM theory. This correspondence is
extended in various ways. In particular the thermal SYM theory corresponds
to the supergravity in the AdS-Schwarzschild black hole background. The
Hawking temperature of the black hole is identified with the temperature of
the thermal gauge theory [5].
In the context of AdS/CFT correspondence matter fields (or quarks) in
the fundamental representation are introduced in the gauge theory by em-
bedding flavour D7-branes in the probe limit [10]. By probe limit one means
that the number of flavour D7-branes are much smaller than the number of
D3-branes. In this system open strings stretched between D3-branes and D7-
branes are realized as quarks in the SYM theory. Their mass is proportional
to the asymptotic separation of the D3 and D7-branes in transverse direc-
tions. Additionally the open strings with both endpoints on the D7-branes
are considered as mesons. This system is a notable candidate to describe
QCD-like theories [11].
The process of thermalization refers to an increase in the temperature of
a system from an initial value which can be zero to a higher value in a non-
adiabatic way which takes the system out of equilibrium. This is done by the
injection of energy into the gauge theory or equivalently, in the context of
AdS/CFT, by the collapse of matter in AdS5×S5 background. This injection
of energy can be done by turning on a time-dependent source term in the
gauge theory. It has been shown that the addition of time-dependent sources
such as metric or scalar field on the boundary result in horizon formation in
the bulk [6, 7]. These sources are coupled to the energy-momentum tensor
and scalar operators, respectively. Therefore one can simply say that the
thermalization in the field theory is dual to the black hole formation in the
bulk.
So far we have been discussing the thermalization in the so-called gluon
sector which corresponds to the horizon formation in the bulk. This can be
generalized to the horizon formation on the probe branes which is usually
referred to as thermalization in the meson sector [12–14]. In [12] the energy
injection that leads to the thermalization in gauge theory is modeled by the
injection of baryons which corresponds to throwing the open strings on the
probe D7-brane from the boundary. The time-scale of the thermalization
is identified with the time-scale of the apparent horizon formation observed
on the boundary. In such a set-up we turn on a constant magnetic field on
3
the D7-brane and study the meson thermalization in the presence of this
magnetic field.
The main result of this paper is that the thermalization time correspond-
ing to the meson melting decreases as one increases the external magnetic
field on the probe D7-brane. This can be justified by an energy evalua-
tion which will be explained in more details in the last section. It has been
observed that when the external magnetic field is zero the thermalization
time scales as ( λ
n2Bω
2 )
1
8 where nB is the baryon number density which is in-
jected into the system and ω shows the period of time that the injection
happens [12] . In the presence of the magnetic field the difference between
the thermalization times of zero and non-zero magnetic fields behaves as
δtth = t
B
th − tB=0th ∼
(
λ7n2Bω
2
)− 1
8 Bκ, (1.1)
where for weak magnetic field, defined as (2piα′)B  1, κ is 2 and as B is
raised it deviates from 2. This model shows that the presence of the magnetic
field helps the thermalization, or in more exact words meson dissociation, to
happen even faster. We observe that this reduction in the thermalization
time happens up to a specific value of the magnetic field which depends on
the numeric values of the parameters of the theory.
2 D7-Brane Embeddings in External Mag-
netic Field
In AdS/CFT one can add the fundamental matter into the gauge theory
by embedding a probe D7-brane in an asymptotically AdS background [10].
The asymptotic behaviour of this brane teaches us about the fundamental
matter (quark) mass and the condensation which indicates the spontaneous
chiral symmetry breaking [15]. One way to break the chiral symmetry is to
embed the D7-brane in the AdS5 × S5 background with a nonzero constant
Kalb-Ramond field3 [16–18]. This has the effect of repelling the D7-brane
from the origin. The nontrivial shape of the probe brane gives the conden-
sation (c) which varies with respect to the quark mass. c with respect to m
shows a spiral behaviour near the origin. This means that for a given value
3Note that a pure gauge Kalb-Ramond field which is a solution to type IIb supergravity
equations of motion can be replaced by the constant magnetic field B on the D7-brane.
This field content does not deform the AdS5 × S5 background [17].
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of the quark mass a number of solutions exist. Among them the physical so-
lution is the most energetically favourable one. The presence of the constant
Kalb-Ramond or equivalently constant magnetic field leads to nonzero quark
condensate even at zero quark mass. In the following we will discuss these
results in more details.
The background of interest is AdS5 × S5 geometry describing the near
horizon geometry of Nc D3-branes
ds2 = (
u
R
)2(−dt2 + d~x2) + (R
u
)2(dρ2 + ρ2dΩ23 + dσ
2 + σ2dϕ2),
gsC(4) =
u4
R4
dx0 ∧ dx1 ∧ dx2 ∧ dx3, gs = eφ∞ , R4 = 4pigsNcl4s ,
(2.1)
where C(4) and φ are four-form and Dilaton fields, respectively. In this co-
ordinate u2 = ρ2 + σ2 and ls =
√
α′ is the string length scale. In order to
introduce the fundamental matter we have to add a space-filling flavour D7-
brane in the probe limit to this background. The configuration of the D3-D7
branes is
0 1 2 3 4 5 6 7 8 9
D3 × × × ×
D7 × × × × × × × ×
(2.2)
In the probe limit the low energy effective action for a D7-brane in an arbi-
trary background is described by Dirac-Born-Infeld (DBI) and Chern-Simons
(CS) actions
S = SDBI + SCS ,
SDBI = −µ7
∫
d8ξ e−φ
√
− det(gab +Bab + 2piα′Fab) ,
SCS = µ7
∫
P [ΣC(n)e
B]e2piα
′F ,
(2.3)
where induced metric gab and induced Kalb-Ramond field Bab are given by
gab = GMN∂aX
M∂bX
N ,
Bab = BMN∂aX
M∂bX
N .
(2.4)
ξa are worldvolume coordinates and µ−17 = (2pi)
7l8sgs is the D7-brane tension.
GMN is the background metric introduced in (2.1) and in our background
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BMN is zero. Fab is the field strength of the gauge field living on the D7-
brane. In the CS part, C(n) is a n-form field and P [...] denotes the pull-back
of the bulk space-time tensors to the D7-brane worldvolume.
We work in the static gauge where the D7-brane is extended along t, ~x, ρ,Ω3
and consider the magnetic field
B = Fxy, (2.5)
where B is constant. The presence of this external magnetic field will break
supersymmetry on the probe brane. σ as a function of ρ describes the shape
of the brane. We set all other fields to zero. The D7-barne action then
becomes
SDBI = −µ7V3Vol(Ω3)
∫
dtdρ ρ3
√
1 + (2piα′)2R4u−4B2
√
1 + σ′2, (2.6)
where σ′ = ∂σ
∂ρ
. The equation of motion for σ(ρ) can be easily found
∂ρ
(
ρ3σ′√
1 + σ′2
√
1 +
(2piα′)2B2R4
(ρ2 + σ2)2
)
+
2ρ3(2piα′)2B2R4
(ρ2 + σ2)3
σ
√
1 + σ′2√
1 + (2piα
′)2B2R4
(ρ2+σ2)2
= 0.
(2.7)
In the asymptotic limit where ρ→∞, the above equation reduces to
∂ρ
(
ρ3σ′√
1 + σ′2
)
= 0, (2.8)
and hence its solution approaches
σ(ρ) = m+
c
ρ2
+ .... (2.9)
According to the AdS/CFT correspondence the leading and sub-leading
terms in the asymptotic expansion of various bulk fields define the source
for the dual operator and the expectation value of that operator, respec-
tively. For σ(ρ) the leading term corresponds to the quark mass, mq =
m/(2piα′), and the sub-leading term is related to the chiral condensate via
c = (2piα′)3〈q¯q〉 [15].
The equation of motion for σ(ρ) is complicated to be solved analytically
and hence we use numerical methods to find its solutions. In order to solve
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Figure 1: Left: The condensation as a function of the mass for 2piα′B = 0.09
and R = 1. Points M, N and P represent three massless solutions. Right:
The shape of three massless solutions corresponding to the points M, N and
P. The blue curve (representing point M) is the physical massless solution.
it numerically we have to impose two boundary conditions at a specific point
which we choose them to be σ(0) ≥ 0 and σ′(0) = 0. The second condition
guarantees the regularity of the D7-brane embedding. The above boundary
conditions for a fixed value of the magnetic field and different values of σ(0)
leads to different values of mass and condensation. The final results are
plotted in figure 1(left). Evaluating the energy for different configurations
of c and m shows that the region with m > 0 and −c < 0, the bottom
right quadrant in the figure 1(left), describes physical solutions. It can be
seen that in the presence of a fixed magnetic field there are three massless
solutions. One of them is trivial and is zero for all values of ρ indicating that
m = c = 0. Although for the other two solutions m is still zero, the value of c
is not zero. A nonzero c means that chiral symmetry has been spontaneously
broken by the external magnetic field [16]. Among massless solutions in
figure 1(left) the solution corresponding to the point M is energetically more
favourable. σ(0) at this point is 0.139 where 2piα′B = 0.09. The blue, red and
green curves in figure 1(right) represent brane embeddings with asymptotic
behaviours corresponding to the points M , N and P , respectively.
In figure 2 physical massless configurations for various values of the mag-
netic field are plotted. It is clear that for larger values of the magnetic field
σ(0) also becomes larger. In other words the turning point of the D7-brane
configurations pushes more and more towards the boundary as one raises B.
An important observation is that for small values of the magnetic field
7
the deformation of the D7-brane is not significant. Therefore σ(ρ) ≈ 0 is an
acceptable approximation in the weak magnetic field limit. We will use this
fact in the subsection 3.1 to simplify the calculation of the thermalization
time.
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Figure 2: Different physical massless solutions for (2piα′)B =
0.09, 0.07, 0.05, 0.03 and 0.01 (top to bottom) and R = 1.
3 Meson Thermalization in External Magnetic
Field
The process in which the temperature of a system changes non-adiabatically
from T1 (which can be zero or non-zero) to a larger value T2 is generally
called thermalization. In the context of AdS/CFT a zero temperature state
in a strongly coupled gauge theory is dual to the pure AdS5×S5 background
in the bulk. Similarly a thermal state is dual to the AdS-black hole back-
ground. Then the thermalization in the gauge theory side is identified by
the horizon formation in the gravity side. A generalization has been done
in [12] where meson thermalization is identified by the apparent horizon for-
mation on the flavour D7-brane. The thermalization happens due to the
injection of baryons into the gauge theory. In the gravity side baryon injec-
tion is presented by throwing the fundamental strings on the D7-brane. The
open strings stretched between D3- and D7-branes play the role of the fun-
damental quarks in the gauge theory side. A time dependent non-adiabatic
baryon injection will suddenly increase the number of baryon charges in a
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time dependent manner and consequently produces a time dependent chem-
ical potential. The time dependence of the chemical potential or baryon
number density can finally lead to the horizon formation on the D7-brane.
In the AdS/CFT correspondence the static chemical potential, µ, is in-
troduced via time component of the gauge filed as
µ =
∫ ∞
0
dρ ∂ρAt(ρ), (3.1)
in the gauge where the radial component of the gauge field is set to zero. In
order to obtain a time dependent chemical potential we have to consider a
time dependent gauge filed configuration. This can be done by introducing
source terms to the DBI action
δS = µ7V3Vol(Ω3)
∫
dtdρ(Atj
t + Aρj
ρ), (3.2)
which describes the dynamics of open strings, or equivalently, fundamental
quarks injected on the brane from the boundary. Notice that the source
terms are now time dependent and their form determines how the chemical
potential varies in time.
Since we consider the massless quarks it is convenient to work with light-
cone coordinates which are defined as
x± = t± z = t∓
∫
dρ
√
H(1 + σ′), (3.3)
where H = (R/u)4. Note that the boundary is located at z = 0 and the
Poincare horizon is z → ∞ . Without loss of generality we assume the
currents are only functions of x−. More precisely we consider jρ = −(H(1 +
σ′)
)− 1
2 jt = g′(x−). Therefore in the presence of the magnetic field equations
of motion for At and Aρ are
(2piα′)Ftρ =
g
√
1 + σ′2√
g2 + (2piα′)2ρ6(1 + (2piα′)2HB2)
. (3.4)
Notice that the above assumption for the currents satisfies current conserva-
tion equation [14]. Moreover the charge associated with this current is
Q =
∫
d7ξ
√−g jt, (3.5)
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where Q is the number of quarks or equivalently open string endpoints on
the D7-brane. Hence the baryon number density can be defined as
nB =
Q
V3Nc
, (3.6)
and using (3.5) we finally have [14]
g(x−) = (2/pi)(2piα′)4λnB(x−). (3.7)
Mesons in the AdS/CFT duality are realized as small fluctuations of the
shape of the flavour D7-brane in the transverse directions [19]. In order
to find the action describing the dynamics of scalar mesons we assume the
transverse directions have the form
xI = xI0 + y
I , (3.8)
where xI0 are the classical solutions denoting the shape of the D7-brane and
yI are the small fluctuations. In the presence of the magnetic field, B, and
the gauge field strength, Ftρ, the action for mesons is obtained by expanding
the DBI action for small fluctuations. Up to second order in yI the action
becomes
SDBI = S0 + S1 + ...
= S0 − µ7
2
∫
d8ξ
√
γ0
(
γab0 Mba + γ
ab
0 Nba
− 1
2
γab0 Mbcγ
cd
0 Mda +
1
4
(γab0 Mba)
2 + ...
)
,
(3.9)
where
γ0 ab = Gab +GIJ∂ax
I
0∂bx
J
0 + (2piα
′)Fab, (3.10a)
Mab = ∂IGaby
I +GIJ∂ax
I
0∂by
J +GIJ∂ay
I∂bx
J
0 + ∂KGIJ∂ax
I
0∂bx
J
0y
K ,
(3.10b)
Nab =
1
2
∂I∂JGaby
IyJ +GIJ∂ay
I∂by
J + ∂KGIJ∂ax
I
0∂by
JyK
+ ∂KGIJ∂ay
I∂bx
J
0y
K +
1
2
∂K∂LGIJ∂ax
I
0∂bx
J
0y
KyL, (3.10c)
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and
S0 = −µ7
∫
d8ξ
√
γ0. (3.11)
One can easily observe that if B is set to zero in this set-up which means
that the classical solution xI0 is constant and not coordinate-dependent, the
action in [12, 14] is recovered. It should be mentioned that the first order
terms in yI are cancelled due to their equation of motion. Note also that the
CS action does not contribute since the gauge field and the four-form field
have common indices.
In our case we consider the profile of the transverse directions as
σ = σ0(ρ) + χ(ξ), (3.12)
and ϕ = 0. We choose σ0(ρ) to be a massless solution of the equation of
motion (2.7) and χ is a small fluctuation around this solution. After some
long calculations the part of the action which describes the kinetic term for
the fluctuations in χ reduces to
S1 = −µ7
2
∫
d8ξ Gσσ
[(
1 + (2piα′)2HB2
)(
1− (2piα′)2F 2tρ + σ′20
)]− 12
×
√
− det sˆ0 sˆab0 ∂aχ∂bχ,
(3.13)
where we have defined
sˆab0 =
1− (2piα′)2F 2tρ
1− (2piα′)2F 2tρ + σ′20
sab0 − θaρ0 θbρ0 σ′20 Gσσ. (3.14)
sab0 and θ
ab
0 are the symmetric and anti-symmetric parts of γ
ab
0 , respectively
γab0 = s
ab
0 + θ
ab
0 . (3.15)
In our set-up the only nonzero component for θab0 is
θtρ0 =
(2piα′)Ftρ
1− (2piα′)2F 2tρ + σ′20
. (3.16)
Hence the action S1 for the scalar mesons can be written more neatly as
S1 =
−1
2
∫
d8ξ
√−dets˜ s˜ab ∂aχ∂bχ, (3.17)
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where the explicit form of the metric components become
−s˜tt = µ
1
3
7 H
−1
3
(
1 + (2piα′)2HB2
)−1
6
(
1− (2piα′)2F 2tρ + σ′20
) 5
6 ,
s˜ρρ = µ
1
3
7 H
2
3
(
1 + (2piα′)2HB2
)−1
6
(
1− (2piα′)2F 2tρ + σ′20
) 5
6 ,
s˜11 = s˜22 = µ
1
3
7 H
−1
3
(
1 + (2piα′)2HB2
) 5
6
(
1− (2piα′)2F 2tρ + σ′20
)−1
6 ,
s˜33 = µ
1
3
7 H
−1
3
(
1 + (2piα′)2HB2
)−1
6
(
1− (2piα′)2F 2tρ + σ′20
)−1
6 ,
s˜αβ = µ
1
3
7 H
2
3 ρ2
(
1 + (2piα′)2HB2
)−1
6
(
1− (2piα′)2F 2tρ + σ′20
)−1
6 Gαβ.
(3.18)
θα(α = 1, 2, 3) are the angular variables on S3 and Gαβ is the metric on the
unit 3-sphere. The surface of the presumably apparent horizon, which is
defined locally as a surface whose area variation vanishes along the null ray
which is normal to the surface, is given by
V =
∫
d3xd3θ
(
3∏
i=1
s˜ii
3∏
α=1
s˜αα
)
= V3Vol(Ω3)
µ7H
1
2
(2piα′)
√
g2 + (2piα′)2ρ6(1 + (2piα′)2HB2)
(1 + σ′20 )
,
(3.19)
where this should satisfy
dV |dt=−dz = 0. (3.20)
In order to simplify the calculations we obtain the equation for the apparent
horizon using the derivative of the square of (3.19) and get
2(1 + σ′20 )
1
2 gg˙ − g2
(
2
R2
(σ0σ
′
0 + ρ) +H
−1
2
σ′0σ
′′
0
1 + σ′20
)
− (2piα′)2ρ6
(
2
R2
(σ0σ
′
0 + ρ) +H
−1
2
σ′0σ
′′
0
1 + σ′20
− 3H −12 ρ−1
)
+ (2piα′)4ρ6HB2
(−4
R2
(σ0σ
′
0 + ρ)−H
−1
2
σ′0σ
′′
0
1 + σ′20
+ 3H
−1
2 ρ−1
)
= 0,
(3.21)
where g˙ = ∂x−g. We will use this equation in the following subsections to
obtain the thermalization time observed on the boundary after we set the
functional form of g(x−). The calculations have been done for the small and
general values of the magnetic field, separately.
12
3.1 Weak Magnetic Field Limit
In this subsection we are going to study the meson thermalization time for
the small values of constant external magnetic field, i.e. 2piα′B  1. As it
was mentioned in section 2 one can set σ0(ρ) approximately to zero for weak
magnetic field. This will simplify the calculations significantly. The equation
(3.21) reduces to
4R2ρ−1gg˙ − 4g2 + 2(2piα′)2ρ6 − 2(2piα′)4ρ2R4B2 = 0, (3.22)
or equivalently
λ− 2pi2z4B2
16n2Bpi
4z6
− 4y2 + 4zyy˙ = 0, (3.23)
where g(x−) = gmax y(x−) and gmax was introduced in (3.7). In order to
determine the thermalization time we have to specify the form of the function
y(x−). Introducing different appropriate functions for y(x−) lead to various
forms of baryon injection into the system. This function increases form zero
to a constant gmax during baryon injection and remains constant after that.
A suitable function is [12, 14]
g(x−) =

0, x− < 0
gmax ωx
−, 0 < x− < 1
ω
gmax,
1
ω
< x−
(3.24)
where ωx− is a dimensionless combination. The time-dependent injection of
baryons leads to the horizon formation on the probe brane where its location
can be obtained from (3.23). The results are
t =
3z
2
±
√
λ+ 16n2Bpi
4z8ω2 − 2pi2z4B2
8nBpi2z3ω
, t < z +
1
ω
, (3.25a)
z4 =
B4 + ν−
1
3B2(B6 − 3072n4Bpi2λ) + ν
1
3
3072n4Bpi
4
, t > z +
1
ω
, (3.25b)
where
ν = B12−4608B6n4Bpi2λ+ 24576
(
144n8Bpi
4λ2
+
√
6n6Bpi
3λ3/2
√
3456n4Bpi
2λ−B6
)
.
(3.26)
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Figure 3: The location of the apparent horizon for t < z + 1/ω in the t − z
plane for (2piα′)B = 0.09. The red curve represents (3.25a) and the blue line
shows the earliest tangent null ray.
In figure 3 the red curve represents the location of the apparent horizon
for t < z+1/ω, (3.25a)4. The thermalization time observed on the boundary
is defined as the time where the earliest null ray tangent to the curve reaches
the boundary. This has been shown by the point B in figure 3 where the null
ray (blue line) is tangent to the curve at point A. Hence in the light cone
coordinates the thermalization time is
tB=0.09th = tA + zA. (3.27)
It is evident from the above relations that the value of the thermalization
time depends on the external magnetic field. In figure 4(left) the difference
between the thermalization time in zero and non-zero magnetic field (the
blue curve), δtth = t
B
th − tB=0th , is numerically plotted as a function of the
external magnetic field. It is clear that δtth becomes more and more neg-
ative as the magnitude of the magnetic field increases. In other words the
thermalization of mesons or meson dissociation happens more rapidly in the
presence of the magnetic field. Interestingly the magnetic field dependence
4In order to plot this figure we have set the parameters as [12, 14]: nB = 34, λ = 10,
ω = 10 and R = 1. We will use these numbers throughout the paper to plot different
figures.
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of the thermalization time is precisely fitted with
tBth =
(
1− 29× 10−6(2piα′)2B2
)
tB=0th , (3.28)
where tB=0th ∼
(
λ
n2Bω
2
)1/8
[12, 14]. The equation (3.28) reveals that δtth is
proportional to α′2B2 (the red curve in figure 4).
The decrease in the thermalization time may be explained by comparing
the initial energy of the system (before the baryon injection) with and without
the magnetic field. For a static solution the energy is equal to the negative
0.02 0.04 0.06 0.08 0.10
B
!1."10!7
!8."10!8
!6."10!8
!4."10!8
!2."10!8
∆tth
Figure 4: δtth for t < z +
1
ω
is plotted in terms of B in the weak magnetic
field limit. The red curve shows the fitted function.
of the action evaluated in that solution. Therefore using (2.6) the energy
density, E = −SDBI
µ7V3Vol(Ω3)
∫
dt
, for a configuration with nonzero magnetic field
is
E =
∫ ∞
0
dρ ρ3
√
1 +
(2piα′)2B2
ρ4
, (3.29)
and hence
δE = E − E0, (3.30)
where E0 is the energy density when B = 0. The equation (3.29) shows
that the magnetic field increases the value of the energy density. This fact
is numerically shown in figure 5. Therefore a solution with a larger value of
the magnetic field has a larger value of initial energy density and by injecting
the energy into the system it would be easier for mesons to dissociate. Hence
tB1th < t
B2
th for B1 > B2.
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Figure 5: The energy of the massless embedding in terms of B in the weak
magnetic field limit.
Depending on different values of the parameters, the thermalization may
occur after the baryon injection has been ceased i.e. t > z + 1/w. Then
the equation describing the location of the apparent horizon on the flavour
D7-brane is given by
λ− 2pi2z4B2
16n2Bpi
4z6
− 4y2 = 0. (3.31)
The solution to this equation has been previously found in (3.25b). In figure
6(left), t = z+1/ω and (3.25b) are shown by red and black lines, respectively.
Similar to what we discussed before the point B represents the earliest time
that a boundary observer sees the apparent horizon formation on the probe
brane (point A). The blue line shows an outgoing null ray form the point A
to the boundary observer. Therefore the thermalization time is
tB=0.09th = tA + zA,
tA = zA +
1
ω
,
(3.32)
where the value of zA is given by (3.25b). The same analysis done before to
see how the thermalization time changes with magnetic field can be applied
here. In figure 6(right) the thermalization time has been plotted with respect
to the magnetic field and can be fitted by
tBth =
(
1− 28× 10−6(2piα′)2B2
)
tB=0th , (3.33)
where tB=0th =
(
λ
n2B
)1/6
[12, 14]. Interestingly we observe that although tB=0th
is different in (3.33) and (3.28) the dependence of the thermalization time
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Figure 6: Left: The location of the apparent horizon for t > z + 1/ω in
the t − z plane for (2piα′)B = 0.09. The black, red and blue lines represent
(3.25b), t = z + 1
ω
and the earliest null ray which reaches the boundary.
Right: δtth for t > z +
1
ω
is plotted in terms of B in the weak magnetic field
limit. The red curve shows the fitted function.
on B is the same for both cases. It looks like, since they both appear in the
sane regime of small B, only the time-scale of thermalization is different.
3.2 General Magnetic Field
In the previous section we investigated weak magnetic field limit in which
we could assume σ0(ρ) ≈ 0. Now we would like to generalize it to arbitrary
values of B where we have to use (3.21) and try to solve it numerically. We
follow exactly the same steps as the previous section and the result for the
thermalization time with respect to the value of the magnetic field has been
shown in figure 7. The blue dots show our numerical results. It can be fitted
by (red curve in figure 7)
tBth =
(
1− 4× 10−5(2piα′)2B1.435
)
tB=0th . (3.34)
Comparing this with (3.28) and (3.33) we observe that as we increase the
magnitude of the magnetic field the power of B in the fitted equation deviates
from the power 2 of B in those equations. Note that similar to the weak mag-
netic field limit the thermalization time decreases as one increases the mag-
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Figure 7: δtth for t < z +
1
ω
is plotted in terms of B for general values of B.
The red curve shows the fitted function.
netic field. Such an observation has been also reported in non-commutative
SYM [20].
Concluding Remarks
• The main result is that the meson thermalization(dissociation) hap-
pens more rapidly in the presence of external magnetic field. The re-
sult shown in figure 5 might be used to explain this observation. It
indicates that the initial energy of the system increases as we increase
the magnetic field on the probe brane. The figure includes only small
values of the magnetic field but this argument can be generalized to
more general values of it. Therefore, due to the increase of the initial
energy, we can conclude that as we inject the energy to the system by
the baryon injection the mesons can dissociate more easily.
However we have seen that the above observation is true up to a spe-
cific value of the magnetic field which seems to be around 20 and then
this behaviour reverses. It seems that very large values of the mag-
netic field distorts the system in a way that the above argument can
not be applied. In fact the theory is strongly coupled and the under-
lying dynamics remains unclear. Similar observation has been done in
superconductors where there is a critical value of the magnetic field
after which the superconducting phase doesn’t happen. Also the phase
transition to the superconducting phase happens faster as the magnetic
18
field is raised [21].
• In weak magnetic field limit δtth ∝ B2 and for general case δtth ∝
B1.435. Therefore we can see the inclusion of larger values of the external
magnetic field on the probe brane will lower the power of B in the
relation for δtth.
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